Comparing finite difference forward models using free energy based on multiple sparse priors by Strobbe, Gregor et al.
7LWOH

&RPSDULQJ)LQLWH'LIIHUHQFH)RUZDUG0RGHOV8VLQJ)UHH(QHUJ\EDVHGRQ0XOWLSOH6SDUVH
3ULRUV

$XWKRUV

*UHJRU6WUREEH
-RVH'DYLG/RSH]
9LFWRULD0RQWHV
3LHWHUYDQ0LHUOR
+DQV+DOOH]
6WHIDDQ9DQGHQEHUJKH

,QWURGXFWLRQ

'XHWRWKHLOOSRVHGQDWXUHRIWKH((*VRXUFHORFDOL]DWLRQSUREOHPWKHVSDWLDOUHVROXWLRQ
RIWKHUHFRQVWUXFWHGDFWLYLW\LVOLPLWHGWRVHYHUDOFHQWLPHWHUV%DLOOHW$GYDQFHG
IRUZDUGPRGHOLQJRIWKHKHDGFDQFRQWULEXWHWRLPSURYHWKHVSDWLDOUHVROXWLRQ+DOOH]
7KHERXQGDU\HOHPHQWPHWKRGRU%(0LVFRPPRQO\XVHGGXHWRLWVFRPSXWDWLRQVSHHG
0RUHDGYDQFHGYROXPHPRGHOLQJPHWKRGVVXFKDVILQLWHGLIIHUHQFHPHWKRGVRU)'0DUH
FRPSXWDWLRQDOO\PRUHLQWHQVLYHEXWDOORZHVWLPDWLQJVRXUFHVLQVLGHJUD\PDWWHU9DQUXPVWH
)'0DOVRDOORZVWRLQFRUSRUDWHWLVVXHDQLVRWURS\DQGVNXOOLQKRPRJHQHLWLHV+DOOH]


9DULDWLRQDO%D\HVLDQDSSURDFKHVDUHJHWWLQJPRUHSRSXODUWRVROYHWKHUHFRQVWUXFWLRQSUREOHP
)ULVWRQDQG:LSI7KH\DOORZLQFRUSRUDWLQJVHYHUDOW\SHVRISULRULQIRUPDWLRQLQ
RUGHUWRJHWDXQLTXHVRXUFHGLVWULEXWLRQ3DUDPHWULFHPSLULFDOED\HVRU3(%LPSOHPHQWHGLQWR
WKH630VRIWZDUHSDFNDJHDOORZVDOVRWRFRPSDUHGLIIHUHQWPRGHOVLQFRUSRUDWLQJGLIIHUHQWSULRU
LQIRUPDWLRQEDVHGRQWKHLUIUHHHQHUJ\+HQVRQ+RZHYHUXVLQJ3(%LQ630RQO\%(0
IRUZDUGPRGHOVFDQEHFRPSDUHG%DVHGRQWKHIDFWWKHXQFHUWDLQW\RQWKHDQDWRP\FDQEH
LQFRUSRUDWHGZLWKLQWKHIUHHHQHUJ\/RSH]WKLVZRUNH[WHQGHGWKH3(%IUDPHZRUNWR
)'0PRGHOV








0HWKRGV


$UHIHUHQFH)'0PRGHOVHH)LJXUHLQFRUSRUDWLQJGLIIHUHQWWLVVXHW\SHVVHUYHGDVRXU
JURXQGWUXWKWRVLPXODWHFKDQQHOVRIVFDOS((*GDWDLQFRQGLWLRQVQRLVHOHVVFRQGLWLRQ
DQGQRLV\ZLWKD615RIG%DQGG%FKDQQHOQRLVH%DVHGRQ)'0JULGSRLQWVZH
VLPXODWHGJUD\PDWWHUVRXUFHVRI+]RVFLOODWLQJGLSROHDFWLYLW\VDPSOHGDW+]GXULQJ
VWRJHQHUDWHGLIIHUHQW((*WLPHVHULHIRUHYHU\FRQGLWLRQ

'LIIHUHQW)'0KHDGPRGHOVZHUHFRPSDUHGDIWHUUHFRQVWUXFWLRQVHH)LJXUH7KHVRXUFHV
ZHUHUHFRQVWUXFWHGZLWKWKHPXOWLSOHVSDUVHSULRULQYHUVLRQWHFKQLTXHLPSOHPHQWHGLQ630
)ULVWRQ7RVSHHGXSWKHFDOFXODWLRQWLPHWKHRULHQWDWLRQVRIWKHGLSROHVGLVWULEXWHG
LQJUD\PDWWHUZHUHFDOFXODWHGEHIRUHUHFRQVWUXFWLRQXVLQJWKHDSSURDFKSURSRVHGLQ3KLOOLSV


)LQDOO\WKHSHUIRUPDQFHRIWKHGLIIHUHQWPRGHOVZDVHYDOXDWHGFRPSDULQJERWKWKHSHUFHQWDJH
RIVLPXODWHGVRXUFHVZLWKORFDOL]DWLRQHUURUDQGWKHIUHHHQHUJLHV

5HVXOWV

7KHUHVXOWVDUHSUHVHQWHGLQ)LJXUH7KHHIIHFWRIWKHGLIIHUHQWQRLVHFRQGLWLRQVIURPQRLVHOHVV
WR615 G%DQGG%ZDVH[SUHVVHGDVDQLQFUHDVHLQSHUFHQWDJHHUURUDQGDGHFUHDVHLQ
IUHHHQHUJ\7KHORZHUWKHIUHHHQHUJ\WKHZRUVHWKHGDWDLVH[SODLQHGE\DFHUWDLQPRGHO7KLV
DJUHHVZLWKRXUH[SHFWDWLRQZKHQDGGLQJPRUHFKDQQHOQRLVH

+RPRJHQHRXVPRGHOVRIWKHVNXOO00DQG0GLGQRWKDYHDJRRGSHUIRUPDQFH,W
FDQEHQRWHGWKDW0ZLWKDQLVRWURS\KDGEHWWHUSHUIRUPDQFHWKDQ0DQG07KHHIIHFW
RIGLIIHUHQFHVLQDLUFDYLW\PRGHOLQJZHUHPXFKOHVVH[SUHVVHGLQWKLVVWXG\FRPSDULQJ0
00DQG07KLVDOVRDJUHHVZLWKRXUH[SHFWDWLRQVEHFDXVHQRHOHFWURGHVZHUHGLUHFWO\
FDSWXULQJWKH((*DERYHWKHFRQVLGHUHGDLUFDYLWLHV7KHPRGHOVZLWKHURGHGVSRQJ\ERQH0
DQG0SHUIRUPHGZRUVHLQFRPSDULVRQZLWKWKHUHIHUHQFHPRGHODQG0UHVSHFWLYHO\%DVHG
RQ)LJXUHVDQG0LVPRGHOHGWKHFORVHVWWRWKHUHIHUHQFHPRGHO,WLVDOVRSUHIHUUHGRYHU
0EHFDXVHWKHFRQGXFWLYLW\RIFRPSDFWLVFORVHUWRDLUWKDQVSRQJ\ERQH

&RQFOXVLRQV

,QWKLVZRUNLVVKRZQWKDWWKH3(%IUDPHZRUNFDQEHXVHGWRFRPSDUHPRUHFRPSOH[)'0
PRGHOVZKLFKHQDEOHVPRUHDGYDQFHGVWXGLHVH[SORLWLQJWKHSRVVLELOLWLHVRI)'0LQWR630IRU
H[DPSOHSHUIRUPLQJD%D\HVLDQDYHUDJHRYHU)'0PRGHOV/RSH]

:HFDQFRQFOXGHWKDWWKHPRGHOHYLGHQFHVDQGHUURUUDWHVDUHHTXDOLQGLFDWRUVRIPRGHO
SHUIRUPDQFH7KLVPHDQVWKHPRGHOHYLGHQFHFDQEHXVHGDVDQLQGLFDWRURIIRUZDUGPRGHO
SHUIRUPDQFHZLWKRXWNQRZOHGJHRIWKHXQGHUO\LQJQHXUDOVRXUFHDFWLYLW\

7KHUHVXOWVVKRZWKHRSSRUWXQLWLHVRI)'0PRGHOLQJRYHU%(0WRLQFOXGHKHWHURJHQHRXV
FRPSDUWPHQWVDQGDQLVRWURS\LQWKHVNXOO















5HIHUHQFHVPD[

%DLOOHW6µ(OHFWURPDJQHWLFEUDLQPDSSLQJ¶,(((6LJQDO3URFHVVLQJ0DJD]LQHYRO
SS
)ULVWRQ.µ0XOWLSOH6SDUVH3ULRUVIRUWKH0((*LQYHUVHSUREOHP¶1HXUR,PDJHYRO
QRSS
+DOOH]+µ5HYLHZRQVROYLQJWKHIRUZDUGSUREOHPLQ((*VRXUFHDQDO\VLV¶-RXUQDORI
1HXUR(QJLQHHULQJDQG5HKDELOLWDWLRQYROQR
+DOOH]+µ'LSROH(VWLPDWLRQHUURUVGXHWRGLIIHUHQFHVLQPRGHOLQJDQLVRWURSLF
FRQGXFWLYLWLHVLQUHDOLVWLFKHDGPRGHOVIRU((*VRXUFHDQDO\VLV¶-RXUQDORI3K\VLFVLQ0HGLFLQH
DQG%LRORJ\YROQRSS
+HQVRQ5µ6HOHFWLQJIRUZDUGPRGHOVIRU0(*VRXUFHUHFRQVWUXFWLRQXVLQJPRGHO
HYLGHQFH¶1HXUR,PDJHYROQRSS
/RSH]-'µ$JHQHUDO%D\HVLDQWUHDWPHQWIRU0(*VRXUFHUHFRQVWUXFWLRQLQFRUSRUDWLQJ
OHDGILHOGXQFHUWDLQW\´1HXUR,PDJHDFFHSWHGIRUSXEOLFDWLRQ
3KLOOLSV&µ$QDWRPLFDOO\,QIRPHG%DVLV)XFWLRQVIRU((*VRXUFHORFDOL]DWLRQ&RPELQLQJ
)XQFWLRQDODQG$QDWRPPLFDO&RQVWUDLQWV¶1HXUR,PDJHYROQRSS
9DQUXPVWH%¶7KH9DOLGDWLRQRIWKH)LQLWH'LIIHUHQFH0HWKRGDQG5HFLSURFLW\IRU
6ROYLQJWKH,QYHUVH3UREOHPLQ((*'LSROH6RXUFH$QDO\VLV¶%UDLQ7RSRJUDSK\YROQR
SS
:LSI'3µ5REXVW%D\HVLDQ(VWLPDWLRQRIWKHORFDWLRQRULHQWDWLRQDQGWLPHFRXUVHRI
PXOWLSOHFRUUHODWHGQHXUDOVRXUFHVXVLQJ0(*¶1HXUR,PDJHYROQRSS



